(li) INTERNAT 



APPUCATION PUBLISHED UNDER THE PA 



-LC/ c^-L r^-y 3 /T, ^ 

Lll^^OOPERATION TREATS' (PCX) ^ 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
11 July 2002(11.07.2002) 




(10) International Publication Number 

PCX wo 02/054812 Al 



(51) International Patent Classification^: H04Q 7/38, 7/22 

(21) International ApplicatioD Number: PCT/FTO I/O 1132 

(22) International Filing Date: 

19 December 2001 (19.12.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 
20002867 



28 December 2000 (28. 12.2000) Fl 



(71) Applicant (for all designated States except US): NOKIA 
CORPORATION [FI/H]; Keilalahdentie 4, FIN-02150 
Espoo (FI). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KALL, Jan [FI/FI]; 
Jupperinmetsa 2 FIN-02730 Espoo (FT). VANTTI- 
NEN, Veijo [FI/FI]; Mustarinne 8, FIN-02770 Espoo (FI). 
MUHONEN, Janne [FI/FI]; Hiekkalaiturintie 9 B 21. 
FIN-00980 Helsinki (FI). 

(74) Agent: KOLCTER OY AB; Iso Roobertinkatu 23, P.O. 
Box 148, FIN-00121 Helsinki (FI). 

(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU. AZ, BA. BB, BG, BR, BY, BZ, CA. 
CH, CN, CO, CR, CU, CZ^ CZ (utility model), DE, DE 
(utility model), DK, DK (utility model), DM, DZ, EC, EE. 
EE (utility model), ES, FI, R (utility model). GB. GD, GE, 
GH, GM, HR, HU. ID. IL. IN, IS, JP, KE, KG. KP, KR. 



KZ, LC. LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, MW, MX, MZ, NO, NZ, OM, PH, PL, FT, RO, RU, 
SD. SE. SG, SI, SK, SK (utility model). SL. TJ, TM. TN, 
TR, rr, TZ, UA. UG, US, UZ, VN, YU, ZA. ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS. MW, MZ. SD. SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK. ES, H, FR, 
GB, GR, IE, IT, LU, MC, N1-, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM. GA. GN. GQ. GW, ML, MR, 
NE, SN, TO, TG). 

Declarations under Rule 4.17: 

— as to applicant 's entitlement to apply for and be granted 
a patent (Rule 4. 1 7(ii)) for the following designations AE, 
AG. AU AM. AT. AU. AZ BA. BB, BG. BR, BY, BZ CA. 
CH. CN. CO. CR. CU. CZ. DE, DK. DM. DZ. EC. EE. ES. 
FI. GB. GD. GE. GH. GM. HR. HU. ID. IL, IN. IS. JF. KE. 
KG. KF. KR. KZ. LC. LK. LR. LS. LT. LU. LV. MA. MD. MG. 
MK. MN, MW, MX. MZ. NO, NZ. OM, FH. FL. FZ RO, RU, 
SD, SE, SG, SI, SK, SL TJ, TM, TN, TR, TT, TZ, UA, UG, 
UZ, VN, YU, ZA, ZM, ZW, ARIFO patent (GH, GM, KE, LS, 
MW, MZ, SD, SL. SZ TZ, UG. ZM, ZW), Eurasian patent 
(AM. AZ. BY. KG. KZ. MD. RU. TJ, TM). European patent 
(AT, BE. CH. CY. DE. DK. ES. FI. FR, GB. GR, IE, IT. LU, 
MC, NL. FT. SE TR). OAFI patent (BF. BJ. CF. CG, CI, 
CM, GA, GN. GQ. GW, ML. MR. NE. SN. TD. TG) 

— as to the applicant 's entitlement to claim the priority of the 
earlier application (Rule 4. 1 7(iii)) for all designations 

— of inventorship (Rule 4. 1 7(iv)) for US only 

Published: 

— with international search report 

[Continued on next page] 



(54) Title: SELECTING DOMAIN FOR TRANSMITTING A LOCATION SERVICE REQUEST 



< 

00 

o 
O 



GMLC 



HLR 



MSCA/LR 



SGSN 



2-1 


2-2 




^ 

^ 


^ 

2-3 

4 . 


2-4 


^ 


► 









(57) Abstract: In a system comprising at least 
two different domains both supporting location 
services, the Gateway Mobile Location Center 
routing the location service requests receives a 
routing address for both domains, i.e. at least 
two addresses, if the tai^et mobile station has 
subscription to both domains. In order to select 
via which domain the attempts should be f first 
made to obtain the location information of the 
target MS, the state of the target MS is found 
out (2-2, 2-3, 2-4, 2-5) at least in one domain 
and preferably in both domains. 
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Selecting domain for transmitting a location service request 

FIELD OF THE INVENTION 

TTie invention relates to selecting a domain via which a mobile ter- 
minated location request is transmitted in mobile communications systems 
5 comprising two different domains both supporting location services, and more 
particularly to systems comprising a packet switched domain and a circuit 
switched domain. A mobile communications system refers generally to any 
telecommunications system which enables wireless communication when us- 
ers are moving within the service area of the system. A typical mobile commu- 
10 nications system is a Public Land Mobile Network (PLMN). 

BACKGROUND OF THE INVENTION 

Mobile communications systems have been developed because 
there has been a need to free users to move away from fixed telephone ter- 
minals without impairing the availability of users. An example of an existing 

15 mobile communications system is the pan-European mobile communications 
system GSM (Global System for Mobile Communications), The General 
Packet Radio Service GPRS is one of the services of GSM Phase 2+. The 
GPRS service allows packet data transfer between mobile data terminals and 
external data networks, while the "original" GSM network allows circuit- 

20 switched communications. If the user is attached to a packet data service and 
to a circuit-switched service at the same time, he/she is connected to two dif- 
ferent kinds of domains. The GPRS network architecture is illustrated in Figure 
1. 

SimuKaneously with the development of mobile communications 
25 systems, various services have also been introduced in mobile communica- 
tions* systems, such as value added services customized according to the 
user's location. Examples of location-specific value-added services include 
localized weather forecasts, entertainment programmes, timetables, navigation 
and locating a mobile user in an emergency. Additionally, the user's location 
30 can also be used for law-enforcement purposes. These services are called 
location services (LCS). Here the term location service' refers to the task of 
tracking the location of a mobile station in temis of geographical coordinates. 
This task is not necessary for routing calls. There are several known methods 
by which a mobile station can be located with reasonable precision. Details of 
35 the location procedure are not relevant to this invention, however. 
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Patent application WO 00/25545, which is incorporated herein by 
reference with its cross-references, discloses how to locate a target mobile 
station MS in systems comprising two different domains supporting the LCS. 
In WO 00/25545 an GMLC (Gateway Mobile Location Center), via which the 
5 location service requests are routed, receives as routing instructions for LCS 
the current address of a first network node providing location information in the 
first domain and the current address of a second network node providing loca- 
tion information in the second domain when both addresses are available. 
When the GMLC receives these two addresses, it determines the preferred 

10 type of domain via which the GMLC first tries to get location information on the 
target MS, and If the location information can not be obtained via the preferred 
domain, the GMLC tries the other domain. 

A problem with this solution is that the GMLC may receive both ad- 
dresses even when the target MS is not reachable via a domain since the en- 

15 tity providing the routing instructions does not know whether or not the target 
MS is reachable. Thus the GMLC may try to get location information first via a 
domain where the mobile station is not reachable. This leads to unnecessary 
delays and causes unnecessary signalling. 

Similar problem exists also In the third generation mobile communi- 

20 cations systems which also comprise a PC domain and a CS domain. Some of 
the systems comprise different access networks, such as a second generation 
access network (e.g. GSM) and a third generation access network. These dif- 
ferent networks may also have different domains. 

BRIEF DESCRIPTION OF THE INVENTION 

25 An object of the present Invention is to provide a method and an 

apparatus for implementing the method so as to solve the above problem. The 
object of the invention is achieved by methods, a system and network nodes 
which are characterized by what is stated ^n the independent claims. The pre- 
ferred embodiments of the invention are disclosed in the dependent claims. 

30 The invention Is based on realizing the problem and solving it by 

enhancing the LCS routing information procedure by steps of finding out the 
state of the target MS at least in one domain and preferably in both domains 
and utilizing state infonnation to select the domain via which attempts are first 
made to obtain the location infonnation on the target MS. The state indicates 
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whether the target MS is attached to the domain, and preferably whether the 
target MS is active in the domain. 

The term 'domain' covers here different domains within a network 
and different networks to which the target MS may have access. 
5 An advantage of the invention is that it prevents sending of location 

requests to a domain the MS is not attached to, and thus unnecessary signal- 
ling and delays are avoided. 

In one embodiment of the invention the state Indicates whether the 
target MS is active in the domain. The further advantage of the embodiment is 
10 that by relaying the location request via the domain In which the target MS Is 
active extra signalling Is not necessary needed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following the invention will be described in greater detail by 
means of preferred embodiments with reference to the attached drawings, In 
1 5 which 

Figure 1 is a block diagram illustrating an embodiment of a tele- 
communications system where the invention can be used; and 

Figures 2 to 5 illustrate signalling in different embodiments of the 

Invention. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a block diagram illustrating a preferred embodiment of 
the Invention. The invention will be described In connection with the GSM and 
the GPRS (General Packet Radio Service), substantially in accordance with 
the relevant ETSI recommendations. However, it should be understood that 

25 the GSM and GPRS systems have been chosen only for the purposes of illus- 
tration, and the invention is applicable in any telecommunications system sup- 
porting circuit-switched and packet-switched connections. Another example of 
such a system is a 3GPP All-IP system, i.e. a UMTS (Universal Mobile Tele- 
communications System) based on IP (Internet Protocol) technology and de- 

30 fined in the 3"^ generation partnership project 3GPP. The UMTS is one of the 
third generation mobile communications systems. The third generation mobile 
communications systems may comprise different access networks, such as 
GSM, UTRAN (UMTS Radio Access Network), WLAN (Wireless Local Access 
Network) and/or BRAN (Broadband Radio Access Network) where the inven- 

35 tion can be used to select the network and a domain within the network. 
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Figure 1 shows a simplified network architecture and illustrates only 
those elements of the telecommunication system 1 that are essential for un- 
derstanding the invention. Network nodes shown in Figure 1 are logical units, 
the implementation of which may differ from the one described. It is obvious to 
5 one skilled in the art that the system 1 also comprises other functions and 
structures which need not be described in closer detail here. In other systems 
the names of the network nodes and mobile stations may differ from those 
disclosed here. 

Apart from the Gateway Mobile Location Center GMLC, the remain- 

10 ing nodes are known from prior art GSM and GPRS systems. The GMLC per- 
fonns location services related to mobile equipment and/or subscribers for 
LCS clients. The GMLC in accordance with the invention may be configured to 
perfomi one or more of features disclosed below by preferred embodiments. 

The MS is nomially a mobile phone, but it can be any entity which 

1 5 uses the standard air interface, for example a measurement unit connected to 
the network through the air interface. In this context, a mobile station generally 
refers to a combination of a mobile unit and a mobile subscriber identified in 
the system by e.g. a SIM (Subscriber Identity Module) card detachably cou- 
pled to the mobile unit. 

20 The basic GSM network comprises a base station subsystem BSS 

as a RAN (Radio Access Network). The network subsystem comprises a mo- 
bile services switching centre MSG, a visitor location register VLR and a home 
location register HLR. In the example of Figure 1 the MSC and the VLR are In 
the same network node MSCA/LR. The MSC manages the switching of circuit- 

25 switched services and carries out functions that are only characteristic of mo- 
bile communications, in co-operation with the VLR and the HLR. The VLR 
stores the subscriber data of an MS temporarily while the MS is in the area of 
the MSC connected to the VLR if the MS is attached to circuit-switched ser- 
vices. For the location service LCS, the MSCA/LR has a connection to the 

30 GMLC. This basic GSM network offers a circuit-switched connection, i.e. an 
CS domain to the LCS via the MSCA/LR to a mobile station attached to the 

basic GSM network. 

In a circuit switched domain (CS domain) the MS can be located 
within one cell if the mobile station has an .ongoing call. When the MS has an 
35 ongoing call, the state of the MS is active. If the MS does not have an ongoing 
call but is attached to the CS domain, the MS is in Idle state. The MS is at- 
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tached to the CS domain when the power is on. When the power is off, the MS 
is in detached state, i.e. is detached from the CS domain and cannot be 
reached via CS domain. 

In Figure 1, the GPRS comprises a serving GPRS support node 
5 SGSN. The SGSN is a node serving a mobile station MS. Each SGSN controls 
a packet data service within the. area of one or more cells in a cellular packet 
radio network. Usually basic GSM and GPRS have the same radio access 
network and each support node SGSN is therefore connected to a certain lo- 
cal element of the GSM system. However, the number of radio access net- 

10 works and/or how the nodes are connected to these radio access networks is 
Irrelevant to the invention. This connection is typically made to the base station 
subsystem BSS. The SGSN is also provided with a signalling interface to the 
MSCA/LR. For the location service LCS, the SGSN network has a connection 
to the GMLC. This route offers a packet-switched connection, i.e. a PS do- 

15 main, to the LCS. 

The state of the MS in the PS domain is easily found out from the 
mobility management (MM) activities related to a GPRS subscriber. The MM 
activities are characterized by three different MM states of the mobile station 
MS: Idle State, Standby State, and Ready State. Each state describes a cer- 

20 tain level of functionality and information allocated to the MS and to the SGSN. 
The information sets relating to these states, which are maintained in the 
SGSN and in the MS, are denoted MM contexts. The MM context comprises 
subscriber data, such as the subscriber IMS!, TLLI, and location or routing 
data, etc. In the idle state, the mobile station MS is not reachable from the 

25 point of view of the GPRS. If the MS is of dual mode type, I.e. is capable of 
operating In GPRS and GSM networks, it may be in the GSM network when 
being In GPRS-Idle state. In the GPRS-standby and GPRS-ready states, the 
mobile station MS is attached to the GPRS network and in the GPRS-ready 
state the MS, is active. 

30 The home location register HLR of the GSM network comprises 

GPRS subscriber data and routing infomiation, including the International Mo- 
bile Subscriber Identity (IMS!). The HLR maintains in its registers a subscrip- 
tion list for each subscriber over the services of the subscriber. The home lo- 
cation register HLR in accordance with the invention may also be configured to 

35 perform one or more of functions disclosed below by preferred embodiments. 
The HLR of a roaming mobile station MS may be in a different mobile commu- 



BNSOCXSID: <WO_02054812A1 J_> 



wo 02/05481 




PCT/FIOl/01132 



nications network than the serving SGSN or the serving MSCA/LR. The HLR Is 
not usually aware of the state of the mobile station, it only knows the ad- 
dresses since the HLR is not usually infonned on the MS detach. Thus, the 
HLR has for subscribers (target MSs) having subscription to both CS domain 
5 and PS domain routing address in both domains regardless of the state of the 
MS in the domains. In some GPRS systems the HLR may have a flag 'purged 
for GPRS* on when the MS is detached from the GPRS domain. For sub- 
scribers having subscription only to one domain the HLR has a routing ad- 
dress only in that domain. 

10 The present invention can be implemented In existing network 

nodes. They all have processors and memories with which the inventive func- 
tionality described below may be implemented. 

Figure 2 illustrates signalling according to a first preferred embodi- 
ment of the invention when the GMLC has received an LCS service request 

15 from a client. For the sake of clarity it is assumed that the request concerns 
only one target MS. It is also assumed that the target MS has a subscription to 
both domains, i.e. has in the HLR a routing address for both domains. It is also 
assumed that the target MS supports both domains. The support for a domain 
can be deduced from a classmark of the target MS and the HLR may be con- 

20 figured to give routing address only in the domains the target MS supports, i.e. 
interpret that the subscriber has subscription only to domains the target MS 
used by the subscriber supports. 

In response to receiving an LCS service request from the client, the 
GMLC verifies the identity of the LCS application and its subscription to the 

25 LCS service requested. The GMLC also derives an identifier (e.g. the 
MSISDN) of the target MS to be located and the LCS QoS (quality of service) 
frorh either the subscriber data or from the data supplied by the client. Then 
the GMLC checks whether or not the MS subscriber is a GSM subscriber, i.e. 
whether or not there is a VMSC and/or an SGSN address for the MS. by send- 

30 ing message 2-1 to the HLR of the target MS. Message 2-1 is preferably a 
MAP_Send_Routing jNFO_FoR_LCS message. The message is routed to the 
HLR using the MSISDN number. In response to receiving message 2-1, the 
HLR verifies that the GMLC, i.e. checks, If the GMLC Is authorized to request 
MS location infomiation. 

35 In the first preferred embodiment of the invention the HLR Is config- 

ured to request , In response to receiving message 2-1, information on the 
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State of the target MS in both domains at least if the target MS has routing 
address to both domains. Thus, in the example illustrated in Figure 2. the HLR 
requests the state of the target MS in the CS domain by sending message 2-2 
to the MSCA/LR serving the target MS. Message 2-2 is preferably a 

5 MAP_PROVIDE_SUBSCRIBER_lNFORMATION_message. 

The MSCA/LR detects whether the MS is engaged in a circuit- 
switched call, i.e. whether the subscriber state in CS domain is active. The 
MSCA/LR indicates the subscriber state to the HLR in the message 2-3. Mes- 
sage 2-3 is preferably a Map_Provide_SubscriberJnformation_Response 
10 message. 

The HLR also requests the subscriber state of the target MS in the 
PS domain by sending message 2-4 to the serving SGSN. The SGSN sends 
the MM state of the target MS to the HLR in message 2-5. 

After receiving messages 2-3 and 2-5, the HLR composes message 

15 2-6 to the GMLC. In the first preferred embodiment of the invention, the HLR is 
configured to add to message 2-6 only the address of the MSC/VLR if mes- 
sage 2-3 indicated that the subscriber state was not detached and message 2- 
4 indicated that the MM state was idle. Correspondingly, the HLR is configured 
to add to message 2-6 only the address of the SGSN if message 2-4 indi- 

20 cated that the MM state was either standby or ready and message 2-3 indi- 
cated that the subscriber state was detached. When message 2-6 is ready, 
the HLR sends message 2-6 to the GMLC. 

If the GMLC receives only either the address of the SGSN or the 
address of the MSC/VLR, then the GMLC sends the location request towards 

25 the address in message 2-6. If both addresses, i.e. the address of the SGSN 
and the address of the MSC/VLR, were received from the HLR In message 2- 
6, the GMLC has to decide which one to try first. An operator and/or a sub- 
scriber can define aset of rules (i.e. selection criteria) which is used for select- 
ing the domain. The set of rules comprises at least one rule. Examples of dif- 

30 ferent rules are: selection on the basis of the tariffe (which may change with 
time), selection on the basis of the target MS capability and/or according to the 
type or age of the SIM card. The the signalling load in different domains can 
be one criterion, so that the less loaded domain is preferred. The subscriber 
data may also have an indication of the preferred domain, or the client may 

35 indicate the preferred domain, or the GMLC may ask the preferred domain 
from the client. 
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The relaying of the location request from the GMLC and how the lo- 
cation of the target MS is detennined is not shown in Figure 2 (and in Figures 
3, 4 and 5) since it is irrelevant to the invention. 

In one embodiment of the invention the HLR is configured first to 
5 check the state of the target MS in the CS domain and if the state is active, not 
to request the state of the target MS in PS domain, but Instead send message 
2-6 comprising the address of the MSCA/LR, Thus, in this embodiment, mes- 
sages 2-4 and 2-5 are omitted when the target MS Is engaged in a circuit 
switched call. 

10 In one embodiment of the Invention the HLR is configured first to 

check the state of the target MS in the PS domain and if the state is ready, not 
to request the state of the target MS in the CS domain, but instead send mes- 
sage 2-6 comprising the address of the SGSN. Thus, In this embodiment, 
messages 2-2 and 2-3 are omitted when the target MS is active in the PS do- 

15 main. 

In one embodiment of the Invention the HLR Is configured to add 
both the addresses of the MSCA/LR and the SGSN and the states of the MS 
In the CS domain and the PS domain, and the GMLC Is configured to prefer 
the address if the corresponding state indicates that the target MS is active in 

20 that domain and to ignore the address if the corresponding state Indicates that 
the target MS is not attached tp that domain. . 

In some other embodiments of the invention the GMLC may add to 
the message requesting routing information, i.e. message 2-1, a parameter or 
parameters, the value(s) of which indicate(s) whether the GMLC requires state 

25 information on both domains or only one of the domains or none of the do- 
mains. In the embodiments the HLR Is configured to act according to the pa- 
rameter value(s). In these embodiments of the invention the GMLC may be 
configured to store previously obtained location information and/or information 
when and from which network node previous location information was ob- 

30 tained and on the basis of the stored information to decide whether or not it 
requires state information. 

Figure 3 illustrates signalling according to a second prefen^ed em- 
bodiment of the invention. The assumptions made for Figure 3 are the same 
as for Figure 2, 

35 In response to receiving an LCS request from the client, the GMLC 

acts as described for Figure 2 and sends message 3-1 requesting routing in- 
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formation for LCS to the HLR. The HLR verifies the GMLC and sends re- 
sponse message 3-2 comprising the address of the SGSN and the address of 
the MSCyVLR of the target MS to the GMLC according to prior art. 

In the second prefered embodiment of the invention, the GiVlLC is 

5 configured to request infomiatlon on the state of the target MS in both do- 
mains in response to receiving message 3-2 comprising the address of the 
SGSN and the address of the l\/ISCA/LR. Therefore, the GMLC sends to the 
MSCA/LR message 3-3 requesting information on the state of the target MS in 
the CS domain. The MSCA/LR indicates the subscriber state to the GMLC in 

10 the message 3-4. The GMLC also requests the subscriber state of the target 
MS in PS domain by sending message 3-5 to the serving SGSN. The SGSN 
sends the MM state of the target MS to the GMLC in message 3-6. The GMLC 
decides on the basis of the information received in messages 3-4 and 3-6 via 
which domain the location infomiation request should be sent. The decision is 

1 5 easy if the target MS is attached only to one of the domains or is active only in 
one domain, since the domain is then used. If the target MS is active in both 
domains or not active but attached to both of the domains, the selection may 
be performed as described for Figure 2. 

In one embodiment of the invention the GMLC is configured first to 

20 check the state of the target MS in the CS. domain and if the state is active, not 
to request the state of the target MS in the PS domain, but instead send the 
location request via the CS domain. Thus, in this embodiment, messages 3-5 
and 3-6 are omitted when the target MS is engaged in a circuit switched call. 

In one embodiment of the invention the GMLC is configured first to 

25 check the state of the target MS in the PS domain and if the state is ready, not 
to request the state of the target MS in the CS domain, but instead send the 
location request via the PS domain. Thus, in this embodiment, messages 3-3 
and 3-4 are omitted when the target MS is active in the PS domain. 

Figure 4 illustrates signalling according to a third preferred embodi- 
30 ment of the invention. The assumptions made for Figure 4 are the same as for 
Figure 2. 

In response to receiving an LCS request from the client, the GMLC 
acts as described for Figure 2 and sends message 4-1 requesting routing in- 
formation for LCS to the HLR. The HLR verifies the GMLC as described ear- 
35 lier. In the third prefen-ed embodiment of the invention the HLR is configured to 
request the state of the target MS in the CS domain in response to receiving 
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message 4-1 at least when the target MS has both an SGSN address and an 
MSCA/LR address as a routing address. Therefore, the HLR sends to the 
MSCA/LR message 4-2 requesting infomiation on the state of the target MS in 
the CS domain. The MSCA/LR indicates the subscriber state to the HLR in 

5 message 4-3. 

After receiving message 4-3, the HLR composes message 4-4 to 
the GMLC. In the third prefen-ed embodiment of the invention, when the ad- 
dress of the SGSN is available the HLR is configured to add to message 4-4 
the address of the MSCA/LR only if message 4-3 indicated that the state of 

1 0 the target MS was active. The HLR adds the address of the SGSN to message 
4-3 if the address of the SGSN is available. When message 4-3 is ready, the 
HLR sends message 4-3 to the GMLC. 

If the GMLC receives in message 4-3 only either the address of the 
SGSN or the address of the MSC/VLR, then the GMLC sends the location re- 

1 5 quest to the address in message 4-3. If both addresses, i.e. the address of the 
SGSN and the address of the MSCA/LR. were received from the HLR in mes- 
sage 4-3. the GMLC is configured to request the subscriber state of the target 
MS in the PS domain by sending message 4-4 to the serving SGSN. The 
SGSN sends the MM state of the target MS to the GMLC in message 4-5. If 

20 the MM state Is idle, the GMLC sends the location request via the CS domain. 
If the MM state is ready (i.e. MS is active in both domains), the selection via 
which domain the location infonnation request should be sent may be per- 
formed as described for Figure 2. 

In some other embodiment of the Invention the GMLC may add to 

25 message 4-1 a parameter, the value of which indicates whether the GMLC 
requires information on the state of the target MS in the CS domain. In the 
embodiment the HLR is configured to act according to the parameter value. 

In some other embodiment of the invention the HLR is configured to 
add the address of the MSCA/LR to message 4-4 if the message 4-3 indicated 

30 that the state of the target MS was not detached. 

Figure 5 illustrates signalling according to a fourth preferred em- 
bodiment of the invention. The assumptions made for Figure 5 are the same 
as for Figure 2. 

In response to receiving an LCS request from the client, the GMLC 
35 acts as described for Figure 2 and sends message 5-1 requesting routing in- 
formation for LCS to the HLR. The HLR verifies the GMLC as described ear- 
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lier. In the fourth preferred embodiment of the invention the HLR is cx>nfigured 
to request the state of the target MS in both domains via the CS domain at 
least for subscribers having routing address to both domains, in response to 
receiving message 5-1. Thus, the HLR requests the state of the target MS in 
5 the CS domain and in the PS domain by sending message 5-2 to the 
MSCA/LR serving the target MS. Message 5-2 includes also the address of 
the serving SGSN. 

In response of receiving message 5-2. the MSCA/LR is configured 
to send message 5-3 to the SGSN to request the MM state of the target MS. 

10 The SGSN is configured to send message 5-4 indicating the MM state of the 
target MS to the MSCA/LR In response to receiving message 5-3. 

After receiving message 5-4 the MSCA/LR composes message 5-4 
including information on the state of the target MS in the CS domain and in the 
PS domain. When message 5-5 is ready, the MSC/VLR sends message 5-5 to 

15 the HLR as a response message to request message 5-2. The HLR forwards 
In message 5-6 the state information of message 5-5 to the GMLC. 

The GMLC decides on the basis of the information in message 5-5 
via which domain the location information request should be sent. The deci- 
sion is easy if the target MS is attached only to one of the domains or is active 

20 only in one domain, since the domain is then used. If the target MS is active in 
both domains or not active but attached to both of the domains, the selection 
may be performed as described for Figure 2. 

In one embodiment of the invention the MSC/VLR is configured to 
send message 5-3 only If the MSC/VLR has no information on the MM state. 

25 In one embodiment of the invention the MSC/VLR is configured to 

add to message 5-5 the address of the MSC/VLR only if the subscriber state is 
active in the CS domain and the address of the SGSN only if message 5-4 
indicated that the MM state was either standby or ready. 

In one embodiment of the invention the MSC/VLR is configured first 

30 to check if the state of the target MS in the CS domain Is active, and if the 
target MS is active not to request the state of the target MS in the PS domain, 
but instead send message 5-5 comprising the state of the target MS in the CS 
domain. Thus, in this embodiment, messages 5-3 and 5-4 are omitted when 
the target MS is engaged in a circuit switched call. 

35 In one embodiment of the invention the HLR is configured to send 

in message 5-6 the address of the MSC/VLR only if message 5-5 indicated 
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that the subscriber state was active and the address of the SGSN only if mes- 
sage 5-5 indicated that the IVIIVI state was either standby or ready. 

. In some other embodiments of the invention the GMLC may add to 
message requesting routing information, i.e. message 5-1, a parameter or pa- 
5 rameters, the value(s) of which indicate(s) whether the GMLC requires state 
information on both domains or only one of the domains or none of the do- 
mains. In the embodiments the HLR is configured to send message 5-2 includ- 
ing the parameter value(s) of message 5-1 and the MSCA/LR is configured to 
act according to the parameter value(s) when the GI\/1LC requires state infor- 

10 mation on at least one of the domains. 

The signalling messages shown in Figures 2 to 5 are not in absolute 
chronological order and some of the signalling may be performed simultane- 
ously or differing from the given order. Other functions can also be executed 
between the described signalling. For example, the MSG and/or the SGSN 

15 may accomplish some radio access network procedures In response to receiv- 
ing the message requesting the state of the target MS. Some of the signalling 
can also be left out. For example, if the GMLC already knows the address of 
the SGSN and/or MCSA/LR (e.g. the GMLC has stored the results from a pre- 
vious location request in a cache-type memory), messages requesting the 

20 state of the target MS in corresponding domain(s) may be skipped. However, 
even if the addresses of the SGSN and MSCA/LR are present at the GMLC for 
a particular user, the GMLC may perform the above described functionality in 
order to make sure that it has the most recent information. (In other words, if 
the GMLC stores the information in a cache, the information preferably has a 

25 maximum lifetime.) 

The signalling messages are only exemplary and may even com- 
prise several separate messages for transmitting the same information. In ad- 
dition, the messages can also contain other information. The messages can 
also be freely combined or divided into several parts. Furthermore, the names 

30 of the messages may differ from the above-mentioned ones. Depending on 
the network structure, other network nodes between which different functions 
have been divided may participate In the signalling. 

Although the invention has been described above with embodi- 
ments having two domains, it is obvious to one skilled in the art that the inven- 

35 tion can be applied to select a preferred network node to which the GMLC first 
relays the location request when there are more than two domains and/or net- 
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works the target MS can be attached to. For example, the invention can be 
applied to select whether to send the location request to a network node in a 
GSM domain (i.e. the GSM network) or to a network node in an UMTS domain 
(i.e. the UMTS network). 
5 The features of the above embodiments may be combined differ- 

ently than disclosed above to obtain other embodiments of the invention. 

Each of the parameter insertions described in connection with the 
figures above can be carried out independently of other parameter insertions, 
and insertions may be freely combined. The names of the signalling messages 

10 may dKfer from those set out above, but the information transmitted in the 
messages is the same. The messages may also include more information than 
what is stated above.lt will be obvious to a person skilled in the art that, as the 
technology advances, the inventive concept can be implemented in various 
ways. The invention and its embodiments are not limited to the examples de- 

1 5 scribed above but may vary within the scope of the claims. 
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CLAIMS 

1. A method of selecting a domain via which a location request is 
transmitted in a mobile communications system comprising at least a first do- 
main and a second domain both supporting location services, the method 

5 comprising the steps of: 

receiving a location request relating to a target mobile station from a 
requesting entity; 

characterized by 

requesting the state of the target mobile station at least in the first 
10 domain; and 

transmitting the location request to the target mobile station via the 
first domain if the state indicates that the mobile station is active in the first 
domain. 

2. A method of selecting a domain via which a location request is 
15 transmitted in a mobile communications system comprising at least a first do- 
main and a second domain both supporting location services, the method 
comprising the steps of: 

receiving a location request relating to a target mobile station from a 
requesting entity; 
20 characterized by 

requesting the state of the target mobile station in the first domain 
and in the second domain; 

if the state of the target mobile indicates that the target mobile is de- 
tached from the first domain and the state of the target mobile In the second 
25 domain indicates that the target mobile is attached to the second domain, 
transmitting the location request to the target mobile station via the second 
domain; and 

if the state of the target mobile indicates in the first domain and the 
second domain that the target mobile is attached to the domain, selecting, on 
30 the basis of a predetermined set of rules comprising at least one rule, the do- 
main to be used and transmitting the location request via the selected domain. 

3. A method according to claim 1 or 2, characterized in that 
the first domain is a circuit switched domain and the second domain is a 
packet switched domain. 

35 4. A method according to claim 1 or 2, c h a r a c t e r i z e d in that 
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the first domain is a packet switched domain and the second domain is a cir- 
cuit switched domain. 

5. A system (1) comprising at least 

a first domain (MSCA/LR, SGSN) supporting a location service; and 
5 a second domain (MSCA/LR, SGSN) supporting the location ser- 

vice, 

a first network node (GMLC) for routing via either the first or the 
second domain a location service request relating to a target mobile station 
(MS); 

10 characterized in that 

the system (1) is arranged to request the state of the target mobile 
station (MS) at least in the first domain (MSCA/LR. SGSN) and to use the in- 
fomiation on the state of the target nfiobile station In the first domain when se- 
lecting the domain via which the location request is routed. 
15 6. A system according to claim 5, characterized in that 

the system (1) is anranged to request the state of the target mobile 
station (MS) also in the second domain (MSCA/LR) and to use also the infor- 
mation on the state of the target mobile station in the second domain when 
selecting the domain via which the location request is routed. 
20 7. A system according to claim 5 or 6, c h a r a c t e r i z e d in that 

the first network node (GMLC) is arranged to store the result of the 
location request in a memory and in response to a next location request relat- 
ing to the same target MS to decide according to predetermined conditions 
whether the stored result can be used to select the domain. 
25 8. A system according to claim 7, characterized in that 

the first network node is arranged to indicate In a routing address 
request whether the state of the target mobile is to be requested; and 

the system further comprises a second network node (HLR) having 
routing addresses for the target MS, the second network node being arranged 
30 to request the state of the target MS in response to receiving a routing address 
request indicating that the state of the target MS is to be requested. 

9. A system according to claim 8, characterized in that 
the second network node (HLR) is arranged to request the state of 
the target MS in the second domain via the first domain. 
35 10. A system according to claim 5, 6, 7, 8 or 9, character- 

ized in that the first domain is a GSM network and the second domain is an 
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UMTS network. 

11. A network node (HLR) in a communications system comprising 
at least a first and a second domain both supporting location services, the 
network node (HLR) comprising routing addresses to the first and to the sec- 
5 ond domain for a mobile station being capable to operate in the first domain 
and the second domain, characterized in that 

the network node (HLR) is configured, in response to receiving a 
routing information request for a location service targeted to the mobile station, 
to request the state of the mobile station at least in the first domain. 

10 12. A network node (HLR) according to claim 11. character- 

ized in that the network node is further configured to respond to the routing 
address request by giving only the routing address in the first domain if the 
mobile station is active in the first domain. 

13. A network node (HLR) according to claim 11, character- 

15 i z e d In that the network node Is further configured to request the state of 
the mobile station also in the second domain, and to respond to the routing 
address request by giving the routing address In the first domain if the target 
mobile station is attached to the first domain and the routing address In the 
second domain if the target mobile station is attached to the second domain. 

20 14. A network node (MSCA/LR) in a communications system com- 

prising at least a first and a second domain both supporting location services, 
the network node (MSCA/LR) being arranged to comprise information on the 
state of a mobile station in the first domain when the mobile station is In the 
service area of the network node, characterized in that 

25 the network node (MSCA/LR) is configured, in response to receiving 

a request of the state of the mobile station, to request the state of the mobile 
station in the second domain and, if the mobile station is attached to at least 
one of the domains, to send a response to the request, the response indicat- 
ing at least the domain to which the mobile station is attached. 

30 15. A network node according to claim 14, characterized in 

that the network node is further configured to request the state of the mobile 
station in the second domain only if the request indicates that the state in the 
second domain Is needed. 

16. A network node (GMLC) in a communications system compris- 

35 ing at least a first and a second domain both supporting location services, the 
network node (GMLC) being anranged to perfomi location services, 
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characterized in that the network node (GMLC) is config- 
ured. In response to receiving a location request relating to a target mobile 
station from a requesting entity, to request at least the state of the target mo- 
bile station in the first domain and to use the state information when deciding 
5 via which domain to route the location request. 

17. A network node according to claim 16, characterized in 
that the network node (GMLC) is further configured to request the state of the 
target mobile station in a domain by sending a routing address request indicat- 
ing that the state of the target mobile is required In the domain. 

10 18. A network node according to claim 16 or 17 character- 

ize d in that the network node is further configured to store the result of the 
location request in a memory and in response to a next location request relat- 
ing to the same target MS to decide according to predetermined conditions 
whether the stored result can be used to select the domain and if the stored 

15 result can be used not to request the state of the target mobile station. 
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